**Core tip:** Diabetic nephropathy (DN) is a major complication of type 1 diabetes mellitus (T1DM). Therefore, strategies for early detection are of critical importance. Ambulatory blood pressure measurement is useful for detection of precocious abnormalities in the occurrence of DN and exercise-induced albuminuria has been proposed as a potential predictor of DN. Our study therefore aimed to investigate the relationship between exercise-induced albuminuria and ambulatory blood pressure measurement abnormalities in T1DM Cameroonian adolescents. We found that T1DM patients had higher nocturnal and 24 h blood pressure figures than non-diabetics suggesting that exercise-induced albuminuria could be useful early detection of diabetes kidney injuries in T1DM.

INTRODUCTION
============

Diabetes nephropathy is the major life-threatening complication of type 1 diabetes mellitus (T1DM)\[[@B1],[@B2]\]. Abnormal albumin excretion has been shown to predict the development of clinically significant nephropathy in T1DM. Indeed, persistent minimal elevation of albuminuria at rest predicts the development of more severe proteinuria and clinical diabetic nephropathy, which frequently progresses to renal failure\[[@B3]\]. In T1DM, nephropathy develops in 30% to 40% of cases and impaired renal function or end-stage kidney disease affect up to a third of patients\[[@B4]\]. Thus, strategies for early detection and for preventative interventions are of critical importance since interventions at these late stages of disease may only slow but not completely arrest the inexorable progression towards renal failure\[[@B5],[@B6]\]. In this direction, it has been shown that physical exercise can stimulate albuminuria in diabetes patients and can be a useful provocative test to detect early renal abnormalities\[[@B7]\]. However, there is still limited evidence on its value for early detection of renal disease in T1DM.

Previous studies has proven that during exercise, urinary albumin excretion rate is more increased in long term T1DM patients thus, at risk of developing diabetes nephropathy than in general population\[[@B8]\]. In the contrary, some evidence suggest that the level of albumin excretion during exercise is related to the quality of metabolic control; for example, exercise-induced microalbuminuria is more pronounced in newly diagnosed patients, and this abnormality is reversed by insulin treatment. Exercise-induced microalbuminuria generally is not well correlated with the duration of disease and does not predict clinical nephropathy\[[@B9]\]. On the other hand, the contribution of night-time blood pressure (BP) on the onset of nephropathy in diabetic patients is now established\[[@B10]\]. Therefore ambulatory blood pressure monitoring (ABPM) could be proposed as an useful tool for early detection of diabetic nephropathy\[[@B11],[@B12]\]. This study aimed to investigate the relationship between exercise-induced albuminuria and ABPM abnormalities in early detection of diabetic nephropathy in adolescents with T1DM from Cameroon.

MATERIALS AND METHODS
=====================

Study subjects
--------------

This case-control study was carried out at the National Obesity Center of the Yaoundé Central Hospital, the reference diabetes center in the town. Our population was made of two groups, T1DM adolescents and non-diabetic controls. T1DM patients were aged 12-18 years, with diabetes for at least one year; without proteinuria, with normal office BP and renal function according to the general reference population. Non-diabetic controls were adolescents of general population matched for sex, age and BMI. We excluded patients and controls with an important night activity, those receiving drugs for hypertension or any other drugs able to modify albuminuria, those with contra-indication to exercise or presenting signs of urinary tract infection as well as those having fever and pregnant women.

Procedure and investigations
----------------------------

The procedure was made of an inclusion visit and two exploration visits. Within 2 wk following an information visit, for all eligible participants, we performed a careful clinical exam including BP measurement and a urinary dipstick. We enrolled 40 participants, 20 in each group.

All exploration visits were conducted in the morning between 8:00 and 10:00. After arrival, participants were invited to stay in sitting position for at least five minutes. Then, clinical measurement of BP was done three time using an automated sphygmomanometer Omron HEM-705 CP (Omron Corporation, Tokyo, Japan) placed on the left arm raised itself at the heart level. The average of three measures was considered for analysis. Weight and height were respectively valued to the nearest 0.5 unit using a mechanical scale and a measuring rod and body mass index (BMI in kg/m²) calculated as *weight* (cm)/\[*height* (m) × *height* (m)\]. A dipstick was done to assess proteinuria and considered positive for at least 1+.

ABPM was carried out on twenty four hours using an automatic portable, light weight monitor device the i-MAPA^®^ CE 004 1.1 TM (High-tech Medical St Louis, Paris) which performs measurements every 15 min during daytime (07:00 to 22:00) and twice an hour during night time defined from 22:00 to 07:00. Device was activated and the two first measures performed in the laboratory to ensure functionality. Detailed information on the operation and use of the device were then given to the participant who then returned to his daily activities. At least 70% of valid measurements were considered for interpretation.

The exercise protocol was developed according to the Hierarchy of individual calibration levels for heart rate and accelerometry to measure physical activity\[[@B13]\]. It was made of 1 km race on a treadmill at 5.8 km/h and was divided in two phases. The first phase was made of a 3 min gathering speed up to 3.2 km/h, followed by an acceleration of 0.33 km/h every 6 min. The second phase was a walking step between 5.2-5.8 km/h on the treadmill.

Albuminuria was calculated using albumin-to-creatinine ratio in order to avoid effect of exercise on urinary concentration and expressed in mg/g. First void urine collection was used for rest albuminuria and a random sample urine was collected within the 20 min following physical exercise to measure exercise-induced albuminuria. Albuminuria or exercise-induced albuminuria was diagnosed on the basis of a urinary albumin excretion rate greater than 20 but less than 200 mg/g\[[@B14]\]. Adverse events such as hypoglycemia during physical exercise or exercise intolerance, were closely monitored.

Statistical analysis
--------------------

Data acquisition was done by Epi-data 3.1 software and statistical analysis was performed using Stata 12.0 software. Continuous variables are expressed as means with standard deviation (SD) where appropriate, and categorical variables as count (percentage). The Spearman rank coefficient was used to test correlations. The χ^2^ test and Mann-Whitney rank sum test were used to test associations between qualitative variables and difference between two respectively. A *P* value ≤ 0.05 was considered statistically significant. The statistical methods of this study were reviewed by Mr. Sontsa.

RESULTS
=======

General characteristics
-----------------------

We enrolled 40 participants, 24 males, average age of 16 ± 2 years. The mean BMI of diabetes patients was 22.6 ± 2.9 kg/m² *vs* 22.7 ± 3.3 kg/m² for non-diabetic. Average duration of diabetes was 4.2 ± 2.8 years with mean glycated hemoglobin of 9.9 ± 2.8. Nine diabetes patients had a family history of hypertension *vs* six in the non-diabetic group.

ABPM measurement of study population
------------------------------------

Diabetes participants had lightly higher BP values compared to non-diabetic on every component (Table [1](#T1){ref-type="table"}). Thus, 24 h SBP measurement in the diabetic group was 116 ± 9 mmHg *vs* 111 ± 8 mmHg for non-diabetics at borderline of significance (*P* = 0.06) while difference in DBP of two groups was non-significant (69 ± 7 mmHg *vs* 66 ± 5 mmHg; *P* = 0.19). In keeping with that, diurnal BP figures were slightly higher in the diabetic group but with a non-significant difference (SBP: 118 ± 10 mmHg *vs* 114 ± 10 mmHg, *P* = 0.11; DBP: 71 ± 7 mmHg *vs* 68 ± 6 mmHg; *P* = 0.22). One important finding was the elevated night time BP in diabetes adolescents with a borderline significance for SBP (112 ± 11 mmHg *vs* 106 ± 7 mmHg, *P* = 0.06) and MAP (85 ± 9 mmHg *vs* 81 ± 6 mmHg, *P* = 0.06).

###### 

Ambulatory blood pressure measurement of the diabetes and non-diabetes patients

  **Variables**   **Type 1 diabetic patients (*n* = 20)**   **Non-diabetic patients (*n* = 20)**   ***P* value**
  --------------- ----------------------------------------- -------------------------------------- ---------------
  24 h BP                                                                                          
  SBP             116 ± 9                                   111 ± 8                                0.06
  DBP             69 ± 7                                    66 ± 5                                 0.19
  PP              48 ± 8                                    45 ± 5                                 0.11
  Diurnal BP                                                                                       
  SBP             118 ± 10                                  114 ± 10                               0.11
  MAP             92 ± 7                                    89 ± 7                                 0.15
  DBP             71 ± 7                                    68 ± 6                                 0.22
  Nocturnal BP                                                                                     
  SBP             112 ± 11                                  106 ± 7                                0.06
  MAP             85 ± 9                                    81 ± 6                                 0.06
  DBP             64 ± 9                                    60 ± 6                                 0.11

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; MAP: Mean arterial blood pressure; PP: Pulse pressure.

Urinary albumin excretion of study population
---------------------------------------------

In adolescents with diabetes, 06/20 (30%) developed abnormal exercise-induced albuminuria but none in the group of adolescents without diabetes. Urinary albumin excretion at rest was similar in both groups (5.5 mg/g *vs* 5.5 mg/g, *P* = 0.74). After exercise, we found a significant increase in urinary albumin excretion in diabetes patients as compared to non-diabetics (10.5 mg/g *vs* 5.5 mg/g, *P* = 0.03).

Relation between BP profile and albuminuria at rest and after exercise
----------------------------------------------------------------------

We compared diabetes adolescents presenting exercise-induced albuminuria after exercise to those without albuminuria (Table [2](#T2){ref-type="table"}). We found that diabetes patients with exercise-induced albuminuria had higher but non-significant nighttime SBP figures than those exercise-induced albuminuria (116 mmHg *vs* 108 mmHg, *P* = 0.09) while DBP were similar. In contrast, 24 h SBP and DBP were similar in both as well as diurnal SBP and DBP.

###### 

Comparison of blood pressure values for albuminurics and non albuminurics patients

                 **UAE \< 20 mg/g**   **UAE \> 20 mg/g**   ***P* value**
  -------------- -------------------- -------------------- ---------------
  24 h BP                                                  
  SBP            113 ± 9              119 ± 10             0.14
  DBP            67 ± 6               70 ± 8               0.51
  Diurnal BP                                               
  SBP            116 ± 10             120 ± 10             0.32
  DBP            70 ± 5               72 ± 8               0.51
  Nocturnal BP                                             
  SBP            108 ± 10             116 ± 10             0.09
  DBP            61 ± 8               66 ± 9               0.17

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; UAE: Urinary albumin excretion.

DISCUSSION
==========

This study aimed to investigate the relationship between exercise-induced albuminuria and circadian BP abnormalities revealed by ABPM in non proteinuric T1DM adolescents. In order to achieve this objective, we compared young T1DM patients to non-diabetic matched controls. We found that nocturnal SBP of diabetic patients was slightly higher than that of non-diabetics as well as 24 h SBP with borderline significance. Most T1DM studies on albuminuria disease have been done in Caucasians\[[@B14]-[@B17]\]. This study confirms these findings in Africans. This increase in nocturnal SBP values and 24 h SBP already found by others studies suggest the existence in this group of probable subclinical kidney injuries. Indeed, it was demonstrated that diabetes patients with kidney injury or subclinical diabetic nephropathy had a tendency to higher BP than the general population\[[@B14]-[@B18]\]. Similarly, diabetes patients in our study have a tendency to increased nocturnal BP figures in comparison to non-diabetics leading to a reduction in the difference of day-night BP evaluated by dipping\[[@B19],[@B20]\]. This anomaly is found more frequently in diabetes patients compared than in the general population and is attributed to the presence of kidney damage, still subclinical, but already leading to an increase in renal and cardiovascular risk\[[@B18]\]. Thus, the studies comparing individuals with impaired nocturnal decline in BP and those with normal nocturnal BP have revealed that individuals with insufficient decrease of BP and therefore higher values of BP during the night will present in future monitoring a more rapid degradation of renal function marked by a significant decrease in creatinine clearance\[[@B21]\]. In the same sense, these studies did not find any difference between daytime BP as well as diastolic BP which was also to be the case in our study where daytime BP were similar in both groups of participants\[[@B18],[@B20]\]. However, unlike these studies, we found 24 h BP figures slightly higher in diabetes individuals but still of borderline significance. This could be attributed to the impact of nighttime BP on the 24 h BP and would be a reflection of the nocturnal difference since for similar diurnal BP, if the nocturnal BP is elevated in one group, then it becomes logical that the 24 h BP which is the average daytime and nighttime BP appears to be also more elevated.

Secondly, our study showed that for similar or even identical values ​​of albuminuria at rest, diabetes patients having an increase in nocturnal BP and therefore probable subclinical kidney injuries had a significantly increase in exercise-induced albuminuria in comparison to non-diabetic individuals. This suggests that exercise-induced albuminuria increases with the existence of renal alterations revealed by abnormal nocturnal BP and therefore could be used to detect patients with these abnormalities. This finding support the assumption that exercise-induced albuminuria could serve as a marker of early diabetic renal injuries and allow detection or at least help to suspect the existence of subclinical diabetic nephropathy still undetectable by albuminuria at rest. This had been suggested in 1995 by O'Brien who found during a prospective follow-up on a half-decade that patients having abnormal exercise-induced albuminuria were those who would develop a clinical albuminuria at rest and therefore faster diabetic nephropathy\[[@B22]-[@B25]\]. But to the best of our knowledge, nobody has so far studied the relationship between exercise-induced albuminuria and nocturnal abnormalities of BP in type 1 diabetes patients. This first finding then proves very encouraging since it opens the way to new opportunities and show new research fields to explore.

Finally, we compared the diurnal and nocturnal BP values ​​of patients who developed exercise-induced albuminuria to those of other participants without this abnormality. We found that patients with exercise-induced albuminuria had higher non-significant figures of BP during the night than those without this abnormality. These data support the hypothesis emitted above that exercise induced-albuminuria could be used to identify T1DM patients with abnormal nocturnal BP and therefore at risk of developing diabetic nephropathy or already presenting subclinical damage due to diabetic nephropathy. However, these findings casually refer to other studies on the subject with larger population study and ideally with a prospective follow-up in order to clearly establish the link between exercise-induced albuminuria and renal prognosis and cardiovascular evaluated by circadian BP on ABPM and especially nocturnal BP abnormalities in T1DM\[[@B26]-[@B28]\].

In summary, T1DM patients having an increase in nocturnal BP exhibit an increase exercise-induced albuminuria and patients developing abnormal exercise-induced albuminuria have higher figures of nocturnal BP than others. These findings strongly suggest that exercise-induced albuminuria could to be use identify diabetes patients with subclinical renal damage, therefore it would be useful in the early diagnosis of nephropathy in T1DM.
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COMMENTS
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Background
----------

Nocturnal abnormalities of blood pressure are correlated with incipient diabetes nephropathy in type 1 diabetes adolescents, but relation with exercised induced-albuminuria has not been investigated yet. Few studies have been conducted on diabetic nephropathy in Africans adolescents.

Research frontiers
------------------

Studies on diabetic nephropathy in Africans adolescents are scarce. These

data are important to determine the tie between exercise-induced albuminuria and nocturnal blood pressure abnormalities in type 1 diabetes adolescents and the possibility to use it as an earlier marker for diabetes nephropathy.

Innovations and breakthroughs
-----------------------------

The authors confirm data of Caucasians studies suggesting that most type 1 diabetes adolescents developed diabetes nephropathy after five years. This study was the first investigating the relationship between exercise-induced albuminuria and ambulatory blood pressure measurement measurements in type 1 diabetes adolescents in the search of early markers of diabetic nephropathy.

Applications
------------

This study shows that there is a relation between exercised-induced albuminuria and nocturnal abnormalities of circadian blood pressure suggesting that exercised-induced albuminuria could be useful as clinical marker for blunted nighttime in type 1 diabetes adolescents.

Peer-review
-----------

This is a nice study and well done, the topic is clear and the conclusion is novel.
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